Fragile X syndrome (FraX) is the most common form of inherited mental deficit and is caused by mutations of the Fragile X Mental Retardation 1 (FMR1) gene on the X chromosome. While males and females with the full FMR1 mutation are affected differently because the disorder is X-linked, both suffer from varying degrees of cognitive impairment, attention deficits and social anxiety. The insula is a sensory integrative region that has been increasingly suggested as a critical area involved in anxiety manifestation.
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Fragile X syndrome (FraX) is the most common form of inherited mental deficit and is caused by mutations of the Fragile X Mental Retardation 1 (FMR1) gene on the X chromosome. While males and females with the full FMR1 mutation are affected differently because the disorder is X-linked, both suffer from varying degrees of cognitive impairment, attention deficits and social anxiety. The insula is a sensory integrative region that has been increasingly suggested as a critical area involved in anxiety manifestation.
The current study was designed to examine possible changes in insular volume in FraX compared to ageand gender-matched typically developing healthy controls (HC) as well as age-, gender-, and intelligencematched developmentally delayed controls (DD). An established native-space, manual morphometry method was utilized to quantify total and regional insular volumes using structural magnetic resonance imaging.
Total, anterior and posterior insular volumes were found to be reduced in FraX compared to both HC and DD. The current data add to a growing literature concerning brain abnormalities in FraX and suggests that significant volume reduction of the insula is a component of the FraX neuroanatomical phenotype. This finding also provides an intriguing potential neural correlate for hyperarousal and gaze aversion, which are prominent behavioral symptoms of FraX.
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Introduction
Fragile X Syndrome (FraX) is a genetic disorder caused by mutations of the FMR1 gene on the X chromosome, and is the most common form of inherited mental deficit, occurring in 1 of every 2000-6000 live births (Gustavson et al., 1986; de Vries et al., 1997) . This single gene mutation alters the course of typical brain development and significantly impacts cognitive abilities as well as behavior. Cognitive dysfunction in fragile X syndrome includes deficiencies in working memory, executive function, mathematical, (D'Hulst and Kooy, 2009; Bennetto and Pennington, 1996; Hagerman, 2002; Kemper et al., 1988) . Speech and communication skills are also adversely affected in males with fragile X syndrome, who often exhibit autistic-like behavior including aversion to eye gaze, perseverative speech and behavior, shyness, social anxiety, and hand flapping (Merenstein et al., 1996; Tsiouris and Brown, 2004) . Due to the fact that the syndrome is X-linked, females often display a milder phenotype of the disorder than do males. Heterozygous females typically exhibit not only mild intellectual disability to normal cognitive function, but also often manifest attention deficits, anxiety and difficulties with socialization (Eliez et al., 2001; Riddle et al., 1998) .
Structural magnetic resonance imaging (MRI) studies of FraX neuroanatomy have noted a variety of anatomical variations in both males and females with the full FMR1 mutation (i.e., ≥200 CGG repeats). Limbic structures, such as the hippocampus and amygdala, have been shown to have abnormal volume and/or morphology in human males and females with the full FMR1 mutation compared to age-and gender-matched controls (Mazzocco et al., 1995; Hazlett et al., 2009; Gothelf et al., 2008; Jäkälä et al., 1997) , and in the FMR1 knockout mouse (Grossman et al., 2006) . The hippocampus is a structure commonly associated not only with learning and memory, but also contributes to visuospatial processing, a cognitive function particularly affected in FraX (Freund and Reiss, 1991) . Reduced amygdalar volumes may also play a role in
